Abstract:
Introduction
Dye affected waterbodies from expansion of industrial productivities are a threat to the modern civilisation since the dyes can impose severe illness and also depreciate the nature of the territorial waters, terrible for freshwater and marine water ecosystems . Colour discharges on the waterbodies even in small amount can creates huge problems e.g. photosynthetic processes of aquatic plants, deficiency of dissolved oxygen levels in water and in critical cases promotes the asphyxiate of aquatic flora and fauna in natural receivers. Furthermore, many organic compounds contains dyes in form of phenolic [Abburi, 2003] , organic acids [Deosarkar, 2004] , hydrocarbons [Xu et al., 1997] , alkenes [Long et al., 2008] etc. which are creating mutagenicity, carcinogenicity and teratogenicity diseases. Dyes are recalcitrant molecules [Ozacar and Sengil, 2003 ], which required special treatments to remove them. For those kinds of pollutants, the accessible treatments have adsorption [Lee et al., 2005] , coagulation/flocculation [Leiknes, 2009] , ion-exchange [Klaysom, 2011] , filtration [Laasri et al., 2007] etc. Out of these treatments the adsorption process is generally used on coloured wastewater due to viability of adsorbents making materials.
In present years, a different variety of materials such as neem sawdust [Khattri and Singh, 2009 ]; eucalyptus camaldulensis barks [Balci et al., 2011] ; jack fruit peel [Hameed, 2009] , sawdust [Hanafiah et al., 2012] and wheat shells [Bulut et al., 2007] are used for the removal of various dyes. In this analysis, the use of teak sawdust as an adsorbent for basic dye removal from aqueous solutions was studied. The effect of parameters such as dosage of the adsorbent, contact time, concentration of dye, temperature and pH on the adsorption capacity was determined. The equilibrium, kinetics and thermodynamics equations have been used for the analysis.
II. Materials And Methods

A. Dye Structure
Acid Blue-7 is the sodium salt of 4-Formylbenzene-1, 3-disulfonic acid and N-benzyl-N-ethyl benzenamine (formula: C 37 H 35 N 2 NaO 6 S 2 ; molecular weight: 690.81g/mol) [Malviya et al., 2015] was used and purchased from Chemical Market New Delhi, India as shown in 
B. Preparation of Adsorbent
Low cost adsorbent teak sawdust is used in this analysis. Teak sawdust was taken from local sawmill. It was rinsed with distilled water and then dried in electrical oven at 50°C temperature for one hour duration. Finally, these samples were taken and then milled and crushed to make finer powder which passed from (300-150) μ, (150-75) μ and <75 μ sieves. Those adsorbent were packed in plastic packets to avoid preventing moisture entering into the dried adsorbent.
C. Dye solution preparation
Weighed quantity of the dye was dissolved in distilled water to prepare the stock solution (10 mg/L). Make five dilution samples of different concentration (10 to 50 mg/L) from stock solution.
D. Effects of Adsorbent dosage
The adsorption of dyes increased with the adsorbent dosage and reached an equilibrium value at 1000 mg of adsorbent dosage (Fig. 2) . The percentage of dye removal increased with the increasing amount of dosage of the sawdust. When the sawdust was increased from 1000 to 2000 mg, the ratio of dye adsorbed to sawdust (mg/g) showed decrease in the rate of adsorption.
Fig 2 Effects of Adsorbent dosage
E. Effect of particle size
The size of particle of the adsorbent gives total surface area required for the adsorption and it is the essential factor for controlling adsorption process. The effect of particle sizes were studied and results are presented in (Fig. 3 ) on the adsorption of Acid Blue-7. The adsorption process revealed that the removal of Acid Blue-7 dye increased with increase in particle size of Teak Sawdust. This can be attributed to larger total surface area of coarser particles for the same quantity of adsorbent [Namasivayam and Arasi, 1997] . This correlation indicates that powdered coarser adsorbent range (300-150) μm would be beneficial over finer particles range in adsorption of Acid Blue-7dye.
Fig 3 Effects of Sieve size
F. Effect of pH
In order to study the effect of pH on Acid Blue-7 adsorption on sawdust, experiments were conducted at varying pH range of 2 to 12 with 10 mg/l initial dye concentration with 1000 mg teak sawdust at the temperature (±30°C) for the 30 min. initial contact time. As shown in Fig 4, the percentage of dye concentration removal increased from pH 2 to pH 10. After pH above 10, the percentage removals were not significant for dye concentration removal. All pH measurements were carried out using a digital pH meter, 0. 
Fig 5 Equilibrium Adsorption study
The amount of dye removed by sawdust biomass at equilibrium time t, q e (mg/g) and q t (mg/g) was calculated by the following mass balance [Behnajady et al., 2007] , [Neelavannan et al., 2007] 
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where C 0 is the initial dye concentration (mg/L), C t is the concentration of dye at any time t, V is the volume of solution in (L) and W is the weight of Teak Sawdust in (gm).
III.
Results
A. Equilibrium Adsorption study
Equilibrium adsorption data has been used for adsorption isotherms study. These data describes the rate of the reaction and the adsorption mechanism and affinity of the adsorbent. Thermodynamic studies gives information about the reaction whether it is endothermic or exothermic and spontaneity of the adsorption process. The importance of obtaining the isotherm becomes more and more significant, because as more applications are developed, more accurate and detailed isotherm descriptions are required for the adsorption system designs.
B. Langmuir Adsorption Isotherm
Equilibrium Adsorption Isotherm which exhibit the relationship between mass of adsorbate adsorbed per unit weight of adsorbent and liquid-phase equilibrium concentration of adsorbate are represented by adsorption isotherms and provide important design data for adsorption system. The equilibrium data for removal of acid blue-7 in the present considerations were analysed using Langmuir adsorption [Oladoja et al., 2008] model: q e = q 0 bC e 1+bC e [4] On rearranging this equation we get 5] where parameters q e is the amount of adsorbate in the adsorbent at equilibrium (mg/gm), C e the equilibrium concentration (mg/L). q 0 and b are the Langmuir constants related to maximum achievable adsorption capacity (monolayer capacity) and bonding energy of adsorption (or affinity between the sorbate and sorbent). The above equation can be linearized to get the maximum capacity, by plotting a graph of C e /q e Vs C e . The essential characteristics of the Langmuir isotherm can be expressed in terms of a dimensionless equilibrium parameter (R L ) [Adamson, 1990] , which is defined by:
where b is the Langmuir constant and C o the highest dye concentration (mg/l). The value of R L indicates the type of the isotherm to be either unfavourable (
The value of R L is shown in table 1, confirmed that the Teak Sawdust is favorable for adsorption of the Acid Blue-7 dye under conditions used in this study. 
C. Freundlich Adsorption Isotherm
The Freundlich model [Gupta and Babu, 2009 ] can be applied for non-ideal adsorption onto heterogeneous surfaces involving multilayer adsorption. The linearised Freundlich model isotherm was applied for the adsorption of acid blue-7 and is expressed as:
log q e = log K f +1/n log C e [7] Adsorption of Acid Blue- where q e is the amount of dye adsorbed at equilibrium (mg/g), and C e is the equilibrium concentration of dye in solution (mg/L). K f and n are the constants incorporating all parameters affecting the adsorption process (adsorption capacity and intensity). 
D. Thermodynamics Analysis
The thermodynamic parameters such as change in standard free energy (∆G˚), enthalpy (∆H˚) and entropy (∆S˚) of adsorption were determined using the following equations [Smith and Ness, 1987] :
[10] ∆S˚= (∆H˚− ∆G˚)/T [11] where R is the gas constant, K 1 and K 2 the Langmuir constants corresponding to the temperatures 303 K, 313 K and 323 K and T is the solution temperature in Kelvin. The negative values of ∆G˚ indicate the degree of spontaneity of the adsorption process. The positive values of ∆H˚ show that the adsorption is endothermic; the possible explanation for this being displacement of more than one water molecule by the Acid Blue-7 ions for their adsorption, which in turn results in the endothermicity of the adsorption process. The positive value of ∆S˚ suggests increased randomness at the solid/solution interface during the adsorption of Teak Sawdust towards Acid Blue-7 dye. Also the positive ∆S˚ value corresponds to an increase in the degree of freedom of the adsorbed species. K 1 and K 2 are the Langmuir constants corresponding to the temperature 303, 313 and 323 K. The values of thermodynamic parameters were given in Table 3 . 
IV. Conclusion
In the present study, it was found that adsorption of Acid Blue-7 dye on teak sawdust at temperatures (30ºC, 40ºC and 50ºC) are better by Langmuir and Freundlich adsorption isotherm. Freundlich adsorption isotherm better fitted than Langmuir adsorption isotherm. The thermodynamic study indicates that the adsorption process at temperatures 30ºC, 40ºC and 50ºC. The positive value of ∆H˚ indicates that the adsorption of Acid Blue-7 on teak sawdust is an endothermic process. The negative value of ∆G˚ showed spontaneous nature of the adsorption. The positive value of ∆S˚ suggests increased randomness at the solid solution interface occurs in the internal structure of the adsorption of Acid Blue-7 dye onto teak 
